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their employees, makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
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service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States
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ABSTRACT

We summarize her ritents
Collaboration in the search for ¢t production in pp collisions at /s = 1800 TeV
at the Tevatron.! We analyze their statistical significance by calculating the
probability that the observed excess is a fluctuation of the expected back-
grounds and, assunung the excess is from top events, extract a measurement

The counting experiments that search for the top quark in the CDF experiment
all yield an excess of events over the estimated background. The reader is referred to
the talks in these proceedings that summarize the searches.! In this Section we test
the "Null Hypothesis”; we find the probability that the number of observed events is
consistent with a fluctuation of the estimated background. We first do this for each

of the experiments separately and then we combme the experlments The detailed
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collaboration?

1.1. Significance of the Individual Analyses

It n’y is the estimated background for each of the analyses and o, is its uncertainty
on nf, then the probability P;(n) that we observe n events is formed by smearing a
Poisson distribution with mean n% by a Gaussian distribution with mean nl; and width
oy
P,(n) ~ Gaussian(ng, op) x Poisson(ng;n)

From this distribution we find the probability for having n > ns. Table 1 summarizes
the results for the individual experiments. We notice that although the individual
probabilities are small they are not negligible. The SVX tag refers to tagging heavy
flavour with the CDF silicon vertex detector. The SLT algorithm tags heavy flavor by
looking for soft leptons.

*Representing the CDF Collaboration



| Analysis | ng | g I Tobs “ Pi(n > mobs) |

Dileptons 0.56 | 7015 | 2 2%
Lepton + jets + SVX tag | 2.3 | £0.3 | 6 3.2%
Lepton + jets + SLT tag | 3.1 | £0.3 | 7 3.8%

Table 1. Probability of a background fluctuation for the individual experiments

1.2.1. Significance by counting events

In the sets of 6 and 7 events found by the independent SVX and SLT analyses respec-
tively, 3 events are in common. Thus 3 events are double-tagged (the two tags are not
necessarily in the same jet). If we combine the analyses by simply counting events that
are tagged we need to subtract the overlap between the SLT and the SVX analyses
when we add the number of events found and the background expected. We have there-

fore 10 events in the lepton + jets channels and 2 events in the dilepton channel for a
total of 12. The total backeround is found hv addine the first column in Table 1 and
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subtracting the expected overlap in background between the SLT and SVX analyses
which amounts to 0.26 events.? This results in 5.77073 background events.

The probability that 5.7 events fluctuate to 12 or more is again found by smearing
a Poisson distribution with a mean of 5.7 with a Gaussian distribution with the same
mean and a sigma of 0.47. We find this probability to be 1.6%.

In combining the experiments this way we’ve ignored the fact that 3 of our lep-
ton + jets events are double-tagged.

Given that a tag in an event tagged by both SVX and SLT is approximately six times
more likely to be from heavy flavor than from a mistag,” we combine the SVX and
SLT analyses by simply counting the number of tags (both from SLT and SVX) in the
lepton + jets sample. If an event is double- tagged (either in the same or in a different

iet) we count twice. We therefore have 12 “counts” from the lenton + iets analvses and
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2 from the dilepton ana.ly51s for a total of 15 “counts”. Note that for dileptons we do
not count the b-tags in the events given that a-priori we did not request a b-tag for
the selection. The acceptance for top events would be too small. However one of the
dilepton candidate events is double-tagged.

The total background without taking into account correlations between the tag-
ging methods, is 5.9670%2 found by addlng the first column in Table 1. The probability
for 5.96 counts to fluctuate to 15 or more is 0.16%.

In order to properly take into account the background correlations between SVX
and SLT taggers we estimate the combined probability of a background fluctuation
using a Monte Carlo method. The correlations are studied in a sample of generic QCD

jets. We find that the number of expected SLT tags in those jets with a negative L, is
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17 +2 which is consistent with the 22 observed. (L, is the secondary vertex distance in
the transverse plane. Negative values are obtained due to tracking errors and resolution
effects). The probability for these mistags is found to be twice that of the independent
probabilities. This correlation is due to the preference by both algorithms to tag jets
with many tracks. For jets with positive L,,, after subtracting the mistag content from
resolution effects and leaving only heavy flavor, we expect 77 + 9 SLT tags, consistent
with the 66 observed. The probabilities for SLT and SVX to tag heavy flavor are found
to be uncorrelated.

In the Monte Carlo method used for estimating the combined probability of a
background fluctuation we take the estimates for the mean number of events and the
uncertainty for each background type in the sample of 52 W+ > 3 jets. This includes
Wb, Wce, We, W-+no heavy flavor (which are estimated from Monte Carlo but scaled
up to the amounts indicated by background method I'?), and bb, WW and Z — 7.
We perform a large number of Monte Carlo “background experiments”. In each we
sample from these populations with the constraint that } n; = 52. We then “apply”
the tagging algorithms including the correlations for mistags. We add the dilepton
background independently.

We find that the probability for the background to fluctuate to 15 or more counts
is:

P(n > 15) = 0.26%

Had we used the method II background estimates'? we would have obtained that
P(n > 15) = 0.036%.

We've tested the robustness of the excess by changing the jet E; thresholds by
+5 GeV(—5 GeV) in the event selection. In this case we expect 3.6 (12.7) counts in
background events, 5.8 (7.9) from top events (for m.,, = 160 GeV/c?) and we observe
11 (19). We’ve also doubled the correlations between the tagging algorithms in the
Monte Carlo method described above and we obtain P(n > 15) = 0.37%.

We conclude that the excess has a small probability of coming from a background
fluctuation and seems robust. However the limited statistics do not allow us to firmly
establish the existence of the top quark. If we interpret this excess as due to ¢£ produc-
tion we can measure the cross-section, oy;.

2. Cross-Section Measurement for pp — tt + X

In order to calculate the top cross-section we need to re-estimate the amount
of background in the 52 W+ > 3 jets event sample. (The estimates in the previous
Section were done assuming the “Null Hypothesis”). We do this by an iterative method?

and obtain that for the SVX (SLT) analysis we expect 1.6 +0.7 (1.5 + 0.7) counts from
backgrounds.

The cross sections are calculated by maximizing the following likelihood function:

( ’ Ldt— ’ cdey?

L=e 20 Lprp - Lsvx - Lspr
where each of the individual likelihoods is of the form

L = G(s, 8, 0;)G(b:, By, o0, ) P({e: - o fﬁdt + b}, mg).



Here G(z,Z,0) is a Gaussian in z, with mean Z and variance 0%, and P(g,n) is a
Poisson probability for n with mean g. In each of these likelihoods, € and o, are the
total acceptance and its uncertainty, b; and o3, are the expected background and its
uncertainty, n, is the number of observed candidate events, o;; is the t£ production
cross section, and [Ldt = 19.3 pb~! is the integrated luminosity, with o, its 3.6%
uncertainty.

To calculate the cross section from an individual analysis, the individual likelihood

functions are used, in which case the maximum likelihood solution for ay; is just
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The uncertainties on the measured cross section values are calculated as the Alog L =

points of the likelihood function.

The calculated cross sections from the individual SVX, SLT and dilepton results,
as well as the combined result (labeled o//L) are shown in Table 2. In Figure 1 we
plot the calculated combined cross section as a function of mass, and the theoretical
expectation from Reference.” Because the acceptance depends on my,,, four points
are shown corresponding to measured values of the acceptance. Had we chosen to use
the method II background estimate for SVX, and an equivalent estimate for SLT,
the ¢f cross section measurement would have shifted upward by 11%. We also note
that an alternate method of calculating the cross section, based on the total number of
observed events, gives a result approximately 12% lower with comparable uncertainties.
From a dataset of lepton+ > 4jets we have estimated* the top mass to be my,, =

174 +- 16 GeV/c?. This mass yields:

2

o = 13.9751 pb

This cross section is somewhat higher than the theoretical calculation® for the
same mass. We address the mutual compatibility with a x? analysis on our measured
mass, our cross section as a function of mass, the theoretical cross section versus mass,
and their respective uncertainties. We find that the three results are compatible at a
confidence level of 13%. We note, however, that the QCD uncertainties on the top cross
sections can be larger® than those reported in Reference.?

3. Conclusions

We have calculated the probability that the excess of events in our search for the
top quark be due to a fluctuation in the estimated backgrounds. We find this probability
to be 0.26%. The limited statistics do not allow us to definitely establish the existence
of the top quark. Under the assumption of ¢ production we measure the mass to be
Myop = 174 = 16 GeV/c? and the corresponding cross-section for pp — tf + X to be

o +6.1
O'tt = 13'9—4.8 pb.



M., 120 GeV/c*> 140 GeV/c? 160 GeV/c?® 180 GeV/c?

o *(pb) 2157113 14.97127 13.071%° 1247107

SLT(pb) 28.971%-2 22. 7t}3_?; 20. 4+12 ;7 18.873%7

DIL(pb) 15. 2+}gg 11.3té402 9. 6+12 O 8. 8+11 0
oill(pb) 2277190 16.817-4 14.71r -2 13.7t :

Table 2. t¢ production cross sections calculated from the individual analyses and from the
combination of the three analyses.
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Fig. 1. Combined tt production cross section vs. M., from data (points) and theory.® The
dashed lines are estimates of the theoretical uncertainty quoted in Reference.?
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